Electricity supply has nowadays become a part of every day life and is a service expected by electricity consumers. Their expectations rely on the availability of electricity whenever needed and on a safe and satisfactory operation of all connected electrical devices.
The expenses of electricity quality are in the time of open market very important to the consumers and especially to the industry. They in fact signify an additional value which can be ensured to the consumers by the suppliers in order to increase their productivity and reliability of the production process.
In order to carry out economic regulation of network charge, the Energy Agency of the Republic of Slovenia (Slovenian regulator) monitors the quality of electricity supply, which is divided into: reliability (continuity) of supply, voltage quality and commercial quality. The Agency monitors the parameters of quality electricity supply with the intention of permanently increasing and maintaining its level, respectively.
At the other side on have to know where the disturbances are coming. In the past, research of transiting disturbance from one part of energy system to another was carried out by means of different instruments and methods, from computer to experimental. Transient system analyzers provided good matches with field measurements, still their usage in the increasingly extensive systems has become useless (unfeasible or inaccurate). "Live" research is nowadays practically unfeasible on a mid-voltage or high voltage level.
The development of big digital computers has brought about new possibilities in this area. Thirty years ago, a wide number of methods came to light along with their specificity for digital solutions of transient phenomena in an electricity system. Current PCs are capable enough and programs can be obtained in a user-friendly form.
Introduction
Quality of electricity supply in every day life means a minimal number of interruptions and their duration kept to a minimal period of time. A safe and satisfactory device operation is ensured when the devices are connected to voltage which is within the prescribed tolerances for voltage and frequency. Even short-term interruptions on the basic form of voltage can cause irregular operation of devices.
The Council of European Energy Regulators (CEER) has divided quality of electricity supply to:
• commercial quality, dealing with service between the supplier or system operator and the consumer, • continuity (reliability) of supply, dealing with the number and duration of interruptions spotted with consumers, • quality of voltage which contains the technical characteristics of voltage measured in the receivingtransmitting point of the consumer.
Agency's main task is to prepare and issue the methodology for the calculation of network charge and methodology for setting out the criteria for defining eligible costs. while taking into consideration the mechanisms of promotion, manifested in the field of investment, ascertaining technical losses of the system and maintenance. A decrease of costs in a company can be most easily reached by means of decreasing costs in the field of maintenance and investment, which can also lead to a lower quality level.
In August 2005, the Energy Agency of the Republic of Slovenia (hereafter the agency) prepared a consultation document explaining which quality parameters it will control and also published the manner of price connection for the usage of systems.
Legal bases for quality of electricity supply
The Energy Act (Official Gazette of the Republic of Slovenia No.: 27/07; EZ-UPB2) states reliable electricity supply as one of the principles of energy policy. In Article 9 it is stated that energy policy ensures quality and reliable energy supply.
Article 69 states that the provider of economic public services is required to be organized in a manner to be able to receive information from the consumers about interruptions in cases of electricity supply and, if required by the consumer, to eliminate interruptions disabling electricity consumption as soon as possible or within the deadline determined by Decree on general conditions for the supply and consumption of electricity.
Article 18 states that a system operator is required to prepare a plan of the development of the distribution system every two years for the next ten years while considering the data on system occupation and their analysis, respectively. System development must take into consideration the principles of supply quality, supply reliability and economy of construction, maintenance and operation.
Decree on the method for the implementation of public service obligation relating to the electricity distribution system operator, and public service obligation relating to the electricity supply to tariff costumers defines quality demands as stated in CEER. Distribution system operator must monitor and establish quality of electricity supply.
The Decree on the method for implementing public service obligation relating to the activity of transmission system operator states that the transmission system operator (TSO) is obliged to ensure voltage quality monitoring, a base for the preparation of the annual report which includes time distributionduration of a number of system intervention due to planned and unplanned work.
For high-voltage systems it is demanded from the system operator to ensure on the transmission system such electricity quality that the operator on the mid-voltage level can ensure voltage quality in accordance with Article 28 of the Decree on the method for the implementation of public service obligation relating to the electricity distribution system operator, and public service obligation relating to the electricity supply to tariff costumers.
Quality parameters and methodology of network charge setting
As mentioned earlier, quality is divided into commercial quality, supply reliability and voltage quality. All three types of quality are prescribed in the above mentioned implementing regulations.
System operators can conclude contracts with consumers on electricity quality, in which they establish a nonstandard electricity quality. The contract can define special terms of connection, stand-by supply and the manner of monitoring electricity quality.
Act determining the methodology for the calculation of network charge and methodology for setting the network charge, and the criteria for determining eligible costs for electricity networks, issued by the agency, demands parameter monitoring in the manner which has been in operation so far. In the regulatory period of 2006-2008 the quality parameters are not taken into account with the calculation of eligible income. Within this period, analyses of the impact of parameters on eligible income will be carried out.
Price-cap method
Price-cap regulation method is carried out with the assumption that sufficient income is ensured to cover eligible costs to perform the activity of a system operator.
The tolerance limit for price increase is expressed in relation to the eligible income. The capping is determined on the basis of the equation for CPI-X and is given in the inequation below: forecast or actual quantities of element j of the tariff i, which will be used (N expresses that the quantities refer to year t+1 and O that the quantities refer to year t); CPI annual coefficient of consumer price changes; X coefficient determined by the agency, reflects the demanded improvement of efficiency (U factor), while in addition, X ensures income leveling in the regulatory period; Q coefficient of supply reliability (continuity).
Commercial quality
The working subgroup for commercial quality has suggested monitoring parameters of commercial quality shown in table 3.1.
The working subgroup for commercial quality will research the need for including additional parameters of commercial quality into the »Rules of commercial quality level«, where it will take into consideration the acquired experience of monitoring commercial quality in Slovenia and the recommendations of CEER. 
Reliability (continuity)
In accordance with the legal bases, system indices SAIDI and SAIFI will be used to monitor reliability of supplying consumers in cases of individual system operators.
Voltage quality
For the needs of quality monitoring, distribution system operators carry out measurements of the following parameters:
• power frequency, 
Disturbance transiting among voltage levels
When electricity supply is reliable enough, we need to ensure to the consumers power quality also in those parameters which are seemingly invisible. By that we mean especially voltage form (voltage dips, rapid changes and harmonics). Such disturbance can appear on the voltage level of consumers or it can be a consequence of lightning or switching surges on higher voltage levels. With the remuneration (incentive/penalty regime) of quality supply manager it is essential to pinpoint the place of disturbance.
Harmonics
The energy transformer represents higher impedance to higher harmonic components than to the basic frequency. When measuring higher harmonics we have come across a pattern from an aluminium factory basically in the entire Slovenian 110 kV system whereas geographically it was not close -right behind the transformer.
Rapid voltage changes
Voltage fluctuation "runs" through a transformer in a practically unimpeded manner. The fluctuation frequency is much lower that the industry frequency.
Transient overvoltages
Transient overvoltage is normally a consequence of lightning discharges, switching or fuse operation. Rise time of transient overvoltage can be shorter than a microsecond or it can last up to several milliseconds. Transient overvoltage is "smoothed" when passing from a higher voltage level to a lower one and it reduces proportionally.
Supply interruptions
Generator starting is set in such a manner that the system operating voltage with regard to voltage drops due to load current is on the reactance of the generator, transformers and lines. In case of sudden load shedding, after quick oscillation of the starting (subtransient) phenomena in the system, the voltage is equal to the transient voltage of the generator until the latter is appropriately decreased by means of regulation in the exciting current.
Load disconnecting
In case of load disconnecting at the end of a long line, the voltage there increases (the Ferranti effect). This presents no problem in cases of short lines (in case of a 135 km long line the voltage increases by 1 %). In cases of longer lines it may occur that the capacity is prevalent to inductivity. In such cases we need to have inductivity present at the end of the line and reactive energy will be absorbed. The conditions can be represented by means of telegraph equations.
Model
In the past, research of transiting disturbance from one part of energy system to another was carried out by means of different instruments and methods, from computer to experimental. Transient system analyzers provided good matches with field measurements, still their usage in the increasingly extensive systems has become useless (unfeasible or inaccurate). "Live" research is nowadays practically unfeasible on a mid-voltage or high voltage level. Matlab with its Powersys module has been selected as the software for modelling the electricity system of Slovenia due to its user-friendliness and possibility of fixed calculations. Since the dynamic model of the entire electricity system of Slovenia surpasses the capacities of available software and hardware, we were forced to use simplified models of individual elements.
A model of connected 400, 220 and 110 kV systems with belonging transformers was constructed as a basis. Due to the limitations of software and hardware, only the part of the distribution system where impact is currently being observed is modelled in detail. All the remaining parts of the distribution systems are presented as constant loads, tied to the transmission system. Since detailed models of distribution systems can be prepared in advance, it is possible to connect them easily and quickly to the model of the transmission system. Thus it is possible to establish in a short time the impact of individual events in high-voltage systems on electricity quality in the selected points of the distribution systems, also on the 0,4 kV level, if necessary.
The combined model of electricity system in Slovenia enables many studies of dynamic and static impact on occurrences in the systems, caused by elements and objects which are currently not connected to the system.
Conclusion
The aforementioned dynamic model was applied to analyze the impact of different events in the Slovene power system on power quality in the 0.4 kV distribution network during transients and in steady states. The power quality in distribution network was analyzed on 0.4 kV busbars in five substations (Cerkno, Škofja Loka, Vevče, Šentjur, Rače) for the following set of events: a switch-off of a 300 MVA (400 kV/110 kV) power transformer in the substation Okroglo; a three-phase short circuit on 110 kV busbars in the substation Kleče; a three-phase short circuit on 20 kV busbars in the substation Rogaška Slatina and a switch-on in a pumping regime of pump-turbine plants Avče and Kozjak which are currently at the design stage. [L 17] The results obtained show that aforementioned events in some points of Slovene transmission and distribution network can cause power quality distortion over that allowed by the power quality standards.
In order to carry out economic regulation of network charge, the Energy Agency of the Republic of Slovenia (Slovenian regulator) monitors quality of electricity supply, which is divided into: reliability (continuity) of supply, voltage quality and commercial quality. The Agency monitors the parameters of quality electricity supply with the intention of permanently increasing and maintaining its level, respectively. As a regulator it is also the arbitrator in cases of disputes among the system managers. The verdict is based on a thorough analysis of past events, performed only by means of a (computer) model.
